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METHODS AND APPARATUS FOR PROTECTING 
METAL STRUCTURES 

STATEMENT OF THE INVENTION 

This invention relates to cathodic and anodic protec 
tion systems, and more particularly to methods for de 
ducing the polarization potential at the interior surface 
of a metal structure to be protected which immerses a 
corroding electrolyte. Deductions or measurements are 
made from separate voltage measurements provided 
preferably by a single reference electrode placed within 
the electrolyte and distant from the structure surface to 
be protected. 

BACKGROUND OF THE INVENTION 

Corrosion of a metal structure immersed in an elec 
trolyte results from ?ow of local current through the 
electrolyte between localized anodic and cathodic por 
tions of the structure surface, the corrosion occurring at 
the anodic surface portions. A familiar example is the 
corrosion of iron or iron alloy structures immersed in 
water. Prevention of such corrosion by cathodic pro 
tection involves passing direct current (applied by a 
suitable current source) through the electrolyte from 
one or more anodes immersed therein to the metal 
structure to be protected, which is connected to the 
negative terminal of the current source to constitute the 
cathode of the system. The purpose of providing this 
applied current is to establish and maintain at the struc 
ture surface, including the localized anodic portions 
thereof, a negative polarization potential effective to 
prevent the corrosion-producing local current ?ow. 

Since the effectiveness of a cathodic protection sys 
tem is dependent on maintenance of a suf?cient electro 
negative polarization potential at the structure to be 
protected, it is desirable to control the operation of the 
cathodic protection system, as by adjustment of the 
applied current ?ow, in response to changes in the 
structure potential. Such control may be accomplished 
by measuring the structure potential and actuating ap 
propriate control means in accordance with the poten 
tial measurement to vary the current supply from the 
direct current source so as to maintain the polarization 
potential at a desired value. 

If the electrolyte in which the protected structure is 
immersed has a sufficiently low resistivity, the polariza 
tion potential of the structure may conveniently be 
determined by- immersing in the electrolyte a suitable 
non-polarized reference electrode of ?xed potential and 
directly measuring the difference of potential between 
this reference electrode and the structure. In such cir 
cumstance, the potential drop through the electrolyte 
between the reference electrode and the structure is so 
small as to be negligible in its effect on control of the 
system, i.e., variations in the potential difference be 
tween the electrode and structure are due substantially 
only to variations in structure polarization potential and 
hence provide effective system control. 
However, when the resistivity of the electrolyte is 

high (e.g., greater than about 1,000 ohm-centimeters, as 
in the case of electrolytes such as potable waters) the 
potential difference measured between the reference 
electrode and the structure includes a signi?cant poten 
tial drop resulting from the ?ow of cathodic protection 
current through the resistive electrolyte between the 
electrode and structure. This potential drop varies with 
changes in the applied current and/or in the resistivity 
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2 
of the electrolyte. As a result, in operation in a high 
resistivity electrolyte, utilizing measurement of poten 
tial difference between a reference electrode and the 
protected structure to control the operation of a ca 
thodic protection system as heretofore known, the sys 
tem responds to variations in electrolyte resistivity or 
applied current density as well as to variations in the 
polarization potential of the protected structure. This is 
undesirable, since the potential drop resulting from 
applied current ?ow through the electrolyte has little or 
no relation to the effectiveness of control of local cur 
rent ?ow at the metal surface to be protected; accord 
ingly, for proper regulation of a cathodic protection 
system to maintain a desired polarization potential at the 
structure surface, the determination or sensing of the 
polarization potential should be accomplished in a man 
ner that is independent of the latter potential drop, i.e., 
which effectively eliminates variations in such potential 
drop as a control factor in the system. 
While the undesired potential drop component of the 

polarization potential measurement can be very substan 
tially reduced by placing the reference electrode on the 
protected surface, such arrangement presents difficul 
ties in that the reference electrode then senses the po 
tential of only a very limited area of the structure sur 
face, and in addition the electrode may partially shield 
the surface from the applied protective current. 

Difficulties similar to those described above are en 
countered in controlling anodic protection systems op 
erating for passivation of metal surfaces (e.g., such as 
stainless steel surfaces) immersed in highly resistive 
electrolytes. In an anodic passivation system, the struc 
ture to be protected is connected to the positive termi 
nal of a direct current source, the negative terminal of 
which is connected to auxiliary electrode means im 
mersed in the electrolyte. To effect and maintain passiv 
ation of the structure surface, it is necessary that the 
structure potential (determined by comparison with 
standard reference electrode means) be controlled 
within a limited range of values, by regulation of the 
current source; if the structure potential departs from 
this range, the anodic protection operation may actually 
enhance the rate of structure corrosion. As in the case 
of cathodic protection, it is desirable to eliminate, from 
the measurement of structure potential used for system 
control, variables due to electrolyte resistivity and cur 
rent density, which may be introduced in the measure 
ment if the electrolyte resistivity is sufficiently high to 
provide an appreciable potential drop between the mea 
suring reference electrode means and the structure‘ 
through the electrolyte. 

THE PRESENT INVENTION 

The present invention is an improvement upon the 
invention disclosed in Us. Pat. No. 3,425,921, for 
“Methods and Systems for Protecting Metal Struc 
tures”, issued to Leon P. Sudrabin, and assigned to 
Pennwalt Corporation, the assignee of the present in 
vention, through mesne assignments. 

THE SUDRABIN INVENTION 

In the patent to Sudrabin, US. Pat. No. 3,425,921, 
incorporated herein by reference, two reference elec 
trodes are immersed in the electrolyte in spaced relation 
to each other and to the tank and anodes. The reference 
electrodes are so positioned that the potential drop 
resulting from passage of current between the reference 
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electrode disposed farther from the tank wall and the 
tank through the electrolyte is greater than the potential 
drop resulting from passage of current between the 
reference electrode positioned closer to the tank wall 
and the tank through the electrolyte. 
The polarization potential V’, is obtained by means of 

a Wheatstone bridge and null meter/meter relay ac 
cording to the following equation where cell 3 and cell 
2 indicate the reference electrodes disposed closer from, 
and farther to, the tank wall respectively: 

where 
VP: polarization potential, 
V2a=cell 2 voltage 

with anode current 1,, applied, 
k1 represents a constant introduced by the setting on 

the front panel of potentiometer 25, i.e., when tap 
29 is set such that no deflection of galvanometer 40 
results when switch 53 is successively opened and 
closed, or, when the Wheatstone bridge is bal 
anced, and 

k2 presents the cell 3 IR drop/cell 2 IR drop. 
Since the IR drop at any point within the protected 

structure is a linear function of applied anode current, 
the cell 3 IR drop may be regarded as a fixed constant 
times the cell 2 IR drop. 
Thus, at unit setup, the operator proceeds to “balance 

the Wheatstone bridge” comprising making adjust 
ments to the balance control potentionmeter and by 
forced step changes in the anode current via the modu 
lation control described. The balance condition may 
thus be expressed by the equation: 

‘ where 

V2,, is cell 2 voltage with anode current L, applied, 
V2], is cell 2 voltage with anode current 1;, applied, 

and where current level L, is distinct from current level 
Is, and where current level L, is equal to the normal 
operating current, namely current level IA. 
When constant k1 is adjusted so that the balance con 

dition just referred to is satis?ed, changes in anode 
current cause no change in calculated polarization po 
tential. Once constant k1 is set, it is retained mechani 
cally as the set position of the balance control potenti 
ometer. A null voltmeter is used to indicate very Slight 
changes in calculated polarization potential with 
changes in anode current. 
The factor k2, i.e., the ratio of cell 3 IR drop to cell 2 

IR drop, can change slowly with the passage of time 
just as the condition of the protected structure changes 
with the passage of time. A change in the ratio however 
alters the bridge balance causing an error to be intro 
duced into the calculation of the polarization potential. 
The error is corrected periodically by repeating the 
bridge-balancing procedure to thereby maintain as IR 
drop-free measurement of the polarization potential. 

ADVANTAGES AND SUMMARY OF THE 
PRESENT INVENTION 

A measurement cell placed at the surface of the struc 
ture to be protected, as discussed and described in the 
aforediscussed Sudrabin patent, may alter the protec 
tive potential field in the vicinity of the cell leaving a 
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4 
small area of the surface underprotected or completely 
unprotected against corrosion. Additionally, a measure 
ment cell placed at the surface of the structure will 
provide a very localized measurement of potential. 
Thus, if the surface coating on the structure is of vari 
able quality, this measured potential may or may not 
accurately re?ect the polarization at other points along 
the surface. Further, a measurement cell placed at the 
surface of the structure will measure some voltage drop 
due to the layer of ?uid between the cell and the sur 
face; this voltage drop is proportional to the distance 
from the cell to the surface, the applied protective cur 
rent, and the resistivity of the ?uid. 

In the present invention, voltage measurements are 
taken at a distance from the surface and are therefore 
less affected by localized surface conditions. The polar 
ization potential thus measured re?ects the average 
potential over a larger area of the surface. 

Brie?y, in the present invention, a measurement cell 
or reference electrode, preferably one, is positioned 
within the electrolyte at a distance from the structure 
wall. The polarization potential at the structure wall is 
then deduced from voltage measurements taken from 
the cell. Since the cell is positioned away from the 
structure wall, the aforementioned disadvantages result 
ing from measurements taken from a surface positioned 
electrode or cell are avoided. 

Further, the present invention performs through mi 
croprocessor-based controller calculations what the 
Sudrabin system and device performed by means of a 
Wheatstone bridge. Additionally, the present invention 
employs measurement techniques which provide for 
“rebalancing” on an automatic and periodic basis for 
maintaining an IR-drop-free environment and yet re 
quires but a single reference electrode, although more 
than one may be employed, as compared to the matched 
pair required by Sudrabin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view of a metal structure to be 
protected, typically a water storage tank, roof omitted 
for purposes of clarity, schematically illustrating ca 
thodic protection apparatus of the present invention 
employed with the tank. 
FIG. 2 is a sectional view of FIG. 1 taken along line 

2--2 thereof. 
FIG. 3 is a diagrammatic representation of a portion 

of the drawing of FIG. 1. 
FIGS. 4 and 5 are graphical representations of poten 

tial versus the position of the anode and reference cell 
(within the tank) at various levels of applied anode 
current. 
FIG. 6 graphically illustrates the linear relationship 

between reference cell IR drop and anode current. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Particular reference to cathodic protection of metal 
structures is made herein rather than to protection 
thereof by anodic passivation. 

In FIGS. 1 and 2, storage tank 10, typically steel, is 
optionally coated on its interior surface with an electri 
cally resistant material 12. Tank 10 stores a corroding 
electrolyte 14, typically water. A plurality of anodes-16 
is suspended vertically from a tank roof (not shown) 
and are shown connected serially by insulated wires 18 
to the positive direct current terminal of an adjustable 
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recti?er 20 which converts alternating current from 
alternating current source 22 to direct current. Adjust 
able recti?er 20 is suitably a potential control recti?er. 
It is appreciated that anodes 16 may be connected in 
parallel, and a greater or lesser number than the four 
anodes shown may be employed. It is further appreci 
ated that more than one adjustable recti?er and more 
than one electrode circuit may be employed to produce 
total electrode current. 
An inlet-outlet pipe 24 is provided at the bottom of 

tank 10. 
The electrode current circuit 28 of recti?er 20 in 

cludes the positive direct current terminal 30 and the 
negative direct current terminal 32, the latter being 
connected to the tank 10, or vessel structure, through 
wire 34. _ 

A saturated copper-copper sulfate reference elec 
trode 36, for example, is suitably positioned within elec— 
trolyte 14 a considerable distance from the tank wall, 
and is connected by insulated wire 38 to terminal 40 of 
a microprocessor-based controller 42. The structure 
terminal 46 of controller 42 is connected to tank 10 
through wire 48. The circuit through terminals 40 and 
46 comprises control circuit 50. As is well known, di 
rect current is passed through the electrolyte 14 from 
anodes 16 immersed therein to the metal structure to be 
protected which is connected to the negative terminal 
of the protective current circuit 28 to thereby maintain 
the necessary negative polarization potential at the 
structure surface to prevent or retard corrosion thereat. 
Control circuit 50 of microprocessor-based controller 
42 modulates the current applied to the electrode cur 
rent circuit through adjustable recti?er 20 indicated by 
arrow 51. 

In FIG. 3, cylindrical tank 10 is shown containing 
electrolyte 14 which immerses anode 16 and cell 36. 
Numeral 52 de?nes an approximate center line of the 
cylindrical tank and arrow 54 indicates the direction of 
?ow of the protective current. 

In FIG. 4, VA represents the anode 16 voltage; Vp, 
the potential at the interior surface of tank 10; and V6, 
the voltage at the reference cell 36. The voltage at the 
cell consists of two components, namely, V1, and VCIR, 
the latter representing the IR voltage drop at the cell 36 
position, i.e., the voltage drop between cell 36 and the 
tank wall. The tank or polarization potential, Vp, may 
now be calculated from measurements of Va and the 
level of electrode current, later described. 

Since tank 10 is cylindrical, the potential at the inte 
rior surface of the tank versus cell 36 position is not 
linear. (It is appreciated that the present invention is 
equally applicable for tanks or structures other than 
cylindrical). For the cylindrical tank shown, tank 10 
thus has a larger conductive area as the structure wall is 
approached. This larger conductive area, notwithstand 
ing the presence of electrically resistant material 12 
thereover, results in a smaller change in potential for a 
given difference in radial position of cell 36. The slope 
of potential V,, at any point in FIG. 4 may be deter 
mined if the resistivity of the electrolyte is known, as 
well as the effective conductive area as determined by 
the con?guration of the structure and the current which 
?ows from anode 16 to the cathode, or tank 10. 

Thus, consider the potential function within the tank 
at two different levels of anode current (FIG. 5). Poten 
tial is plotted for electrode current levers “a” and “b”. 
Voltages at cell 36 are designated Va, and Vcb respec 
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6 
tively. The potential function within the tank with no 
applied electrode current is a constant, V=V,,. 

Polarization potential is a function of the protective 
electrode current level. Polarization potential, Vp, 
changes with a time constant on the order of ones of 
seconds, depending upon the speci?c combination of 
tank condition, current level, and ?uid resistivity. Since 
V1, is insensitive to rapid changes in current, i.e., 
changes made on the order of hundreds of milliseconds, 
or less, VP can be considered constant if the current 
level is abruptly changed from a steady state level “A” 
to a level “a” to a level “b”. The present measurement 
technique requires that current levels “a” and “b” are 
distinct (not equal), and nonzero. However, either cur 
rent level “a” or current lebel “b” may be equal to the 
steady state current level 14, and further, current level 
“a” can be greater than current level “b”, or current 
level “b” can be greater than current level “a”. FIG. 5 
thus depicts the measurement of Vc under steady state 
conditions (with anode current IA applied, an abrupt 
change in current level to current level “a”, a measure 
ment of V, at current level “a”, and an abrupt change in 
current level to current level “1)”, and a measurement of 
Vc at current level “b”). While FIG. 5 shows (for graph 
ical clarity) current levels “A”, “a”, and “b” as three 
distinct levels with current level “b” being greater than 
current level “a”, and current level “a” being greater 
than current level “A”, it is understood that no such 
limitation is imposed. It is further understood that cur 
rent levels “a” and “b” may consist of any combination 
of protective current and measurement current. Here, 
protective current is de?ned as that current, produced 
from a set of at least one electrode, which has the princi 
pal function of protecting the structure from corrosion. 
Measurement current is de?ned as that current, pro 
duced from a set of at least one electrode, which has the 
principal function of modulating the electrode current 
for the purpose of measuring the change in cell voltage 
with change in electrode current. The protective cur 
rent and measurement current may be produced by the 
same set of electrodes, or by separate sets of electrodes. 
Also, one set of electrodes may at different times pro 
duce varying combinations of protective and measure 
ment current, and a distinct set of electrodes may pro 
duce another combination of protective and measure 
ment current, such that the total electrode current is 
maintained constant, but the distribution of current 
within the electrolyte is altered, producing the modu 
lated current levels 1,, and I], at the cell location. Fur 
ther, the values for VCA, V“, and Vcb may be composite 
values from a set of at least one cells positioned within 
the electrolyte, said composite values being derived 
from the individual cell voltages by arithemetic summa 
tion or by averaging, for example. 

It is appreciated that the present technique works 
well when current levels Ia and I], are small deviations 
from L4 (within 10% of IA) so that continuous protec 
tion of the structure is maintained even during current 
modulation. Further, because the change in electrode 
current may be small, the resultant change in cell volt 
age may be correspondingly small, minimizing the tran 
sient effects on measurement of the cell voltage. 
While the polarization potential function is not con 

sidered to be linear with respect to the position of the 
components, the IR voltage drop however is a linear 
function of applied anode current. More speci?cally, 
the IR voltage drop component of the cell 36 voltage is 
linearly related to the anode current. Thus, if the anode 
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current is doubled, the IR voltage drop component of 
the cell 36 voltage is similarly doubled. This relation 
ship is illustrated in FIG. 6. 

DETAILS OF THE MEASUREMENT 
TECHNIQUE OF THE PRESENT INVENTION 

Let us consider making measurements on reference 
cell 36 at current levels 1,; (the steady state current 
level), I“, and 11,, with the current level changing 
abruptly from current level “A” to current level “a” 
and again to current level “b” (but where either current 
level “a” or current level “b” may in fact be equal to the 
steady state current level “A”). Measurements are made 
of the values for V“, Vcb, Ia and 11,. The graph of FIG. 
5 is based on these measurements. 

Polarization potential, Vp, may be de?ned by the 
equation: 

Vp= V¢A— VcIRA (l) 

where 
VCA is the cell 36 voltage at current level IA, and 
VCIRA is the cell 36 IR drop at current level IA. 
Due to the linear relationship between the cell 36 IR 

drop with respect to the anode current, we have by a 
simple ratio: 

VcIRA _ Vcb _' Va: (2) 

IA II7 -' Ia 

O!‘ 

V b — V (3) 

where 
VCIRA is the cell 36 IR drop at current 14, 
Vm is the cell 36 voltage at current In, and 
V61, is the cell 36 voltage at current 11,. 
Thus, the cell IR drop is calculable when given both 

of the cell voltages and the anode currents. 
Substituting the value of VcIRA of Eq. 3 into Eq. 1 

yields 

Vcb — Vca V-V I (4) 
p— 91-11 Ib-Ia 

It is noted that the second term in Eq. 4, Le, the value 
of VCIRA, is the IR drop component of the cell voltage 
which can be deduced by modulating the current be 
tween the levels “a” and “b”, and measuring the change 
in cell voltage as well as the change in anode current. 
The current may be modulated above the normal oper 
ating current, below the normal operating current, or 
both above or both below the normal operating current. 
Also, the modulation may be done more than one time, 
with measurements from the multiplicity of modulation 
cycles combined to produce values for V“, Vcb, Ia, and 
I], to be used in the above equations. The combination of 
the multiple measurements may be made by arithmetic 
summations, or by averaging, for example. 

In cathodic protection apparatus having an electri 
cally ?ltered output (to reduce electrical interference 
with other equipment), the current output does not 
respond immediately, but rather slowly, to commanded 
changes in current input. The current output is never 
theless measurable at all times enabling the value of VP 
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8 
to be determined by measurements of cell 36 voltage 
and levels of currents Ia and 11,. 

It is noted that a well coated surface of a tank immers 
ing water therein having minute ?aws in the surfaces 
may be protected against corrosion when a negative 
tank-to~water potential between 0.85 and 1.10 volts as 
measured between the well coated tank and a saturated 
copper-copper sulfate reference cell placed in the water 
adjacent the coated tank surface was maintained, as 
shown and described in US. Pat. No. 4,457,821, issued 
to Sudrabin et al., and incorporated herein by reference. 
The present invention works equally well with 

poorly coated or uncoated tanks. 
It is well known in control system theory that a mea 

sured potential as abovedescribed may be used as the 
feedback means in an automatic and continuous polar 
ization potential controlling system by comparing said 
measured potential to a predetermined set point and 
adjusting the electrode current accordingly. 

I claim: 
1. A method for determining the polarization poten 

tial of a metal structure in contact with a corroding 
electrolyte, comprising 

continuously passing a ?ow of undirectional current 
to said structure through said electrolyte from 
electrode means positioned therein, 

establishing a measuring circuit comprising a voltage 
measuring means, current measuring means, a sin 
gle reference cell, and said metal structure, said cell 
positioned in said electrolyte between said elec 
trode means and a wall of said structure at a sub 
stantial distance therefrom, 

measuring said electrode current at a ?rst level “a” 
and measuring voltage at said reference cell at said 
?rst level “a” of electrode current , 

varying said electrode current by modulation which 
abruptly changes said electrode current from said 
?rst level “a” to a second level “b”, 

measuring said second level “b” of electrode current 
and measuring voltage at said reference cell at said 
second level “b” of electrode current, and 

deducing the polarization potential from said mea 
sured cell voltages and said measured levels “a” 
and “b” of electrode current . 

2. The method of claim 1 wherein said measurements 
of cell voltage and electrode current at said second level 
of electrode current are made subsequent to a predeter 
mined time ranging between about one millisecond and 
one second following said abrupt change to said second 
level of electrode current. 

3. The method of claim 1 wherein recti?er means is 
used to produce said electrode current, said recti?er 
means incorporating an electrical ?lter therein for 
smoothing said electrode current and wherein said ?lter 
substantially affects said electrode current levels during 
modulation. 

4. The method of claim 3 wherein said electrical ?lter 
introduces ?ltering of said electrode current with a time 
constant ranging between about 1 millisecond and 1 
second. 

5. The method of claim 1 wherein said modulation 
comprises at least one change of electrode current be 
tween said ?rst level “a” of electrode current and said 
second level “b” of electrode current distinct from said 
?rst level “a” of electrode current, said ?rst and second 
levels of electrode current being non-zero. 

6. The method of claim 1 wherein the step of deduc 
ing the polarization potential of the structure comprises 
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calculating an IR drop between said cell and said struc 
ture according to the formula 

Vb — Vca 
VclRA = 1A if 

where vgjRA represents said IR drop at steady state 
electrode current level IA; V01, and V6a represent the 
measured voltages at said reference cell at levels “b” 
and “a” respectively of electrode current; and Ib and L, 
represent said measured levels “b” and “a” respectively 
of electrode current. 

7. The method of claim 6 wherein the values of Vcb, 
V“, I], and L, are composite values obtained from multi 
ple current modulation cycles. 

8. The method of claim 6 wherein one of the two 
measured levels L, and I], of electrode current equals the 
steady state current 14. 

9. The method of claim 1 wherein said deducing step 
comprises calculating said polarization potential 
from reference cell voltage at 14 according to the 

formula 

where VP represents the polarization potential; VCA 
represents voltage at said reference cell at a steady state 
level of electrode current IA; Vcb and Vm represent the 
measured voltages at said reference cell at levels “b” 
and “a” respectively of electrode current; and I1, and Ill 
represent said measured levels “b” and “a” respectively 
of electrode current. 

10. The method of claim 9 wherein the measurement 
system includes multiple reference cells positioned in 
the electrolyte and VCA, Vm, and Vcb are composite 
values obtained from the multiple reference cells posi 
tioned within said electrolyte. 

11. The method of claim 10 wherein said multiple 
reference cells are electrically connected. 

12. The method of claim 1 wherein modulation of 
said electrode current is automatic and periodic. 

13. The method of claim 1 wherein said electrode 
current modulation is performed by applying a current 
from a set of at least one electrode distinct from said 
electrode means used to protect said metal structure. 

14. The method of claim 1 wherein said continuous 
?ow of unidirectional current to said structure through 
said electrolyte is powered by adjustable recti?er 
means. 

15. The method of claim 14 wherein said electrode 
current modulation varying step is performed by said 
adjustable recti?er means. 

16. The method of claim 1 wherein said continuous 
?ow of unidirectional current to said structure through 
said electrolyte is powered by adjustable direct current 
power source. 

17. A- method for automatically and continuously 
electrically protecting a metal structure positioned in a 
corroding electrolyte by maintaining the polarization 
potential of said structure substantially constant at a 
predetermined value, comprising: 

continuously passing a ?ow of unidirectional current 
from adjustable direct current power source means 
to said structure through said electrolyte from 
electrode means positioned therein, 

establishing a measurement circuit comprising mea 
surement means communicating between a single 
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10 
reference cell and said metal structure, said cell 
positioned in said electrolyte between said elec 
trode means and a wall of said structure at a sub 
stantial distance therefrom, 

establishing a controller circuit comprising controller 
means communicating between said measurement 
circuit and said adjustable direct current power 
source means, 

measuring said electrode current at a ?rst level “a” 
and measuring voltage at said reference cell at said 
?rst level “a” of electrode current, 

varying the electrode current by modulation which 
abruptly changes said electrode current from said 
first level “a” to a second level “b”, 

measuring said second level “b” of electrode current 
and measuring voltage at said reference cell at said 
second level “b” of electrode current, and 

deducing the polarization potential from said mea 
sured cell voltages and said measured levels “a” 
and “b” of electrode current . 

18. The method of claim 17 wherein said electrically 
protected metal structure is cathodically protected. 

19. The method of claim 17 wherein said unidirec 
tional current serves as a protective current. 

20. The method of claim 17 wherein said controller 
means comprises microprocessor-based means. 

21. A method for determining the polarization poten 
tial of a metal structure in contact with a corroding 
electrolyte to control a unidirectional ?ow of electrode 
current through the electrolyte between the structure 
and electrode means positioned within the electrolyte 
comprising the steps of: 

establishing a measuring circuit comprising the struc 
ture, a single reference cell, voltage measuring 
means coupled with the cell and the structure for 
measuring voltage between the cell and the struc 
ture, and current measuring means for measuring 
the level of the electrode current, the single refer 
ence cell being positioned in the electrolyte be 
tween the electrode means and a wall of the struc 
ture and spaced from the structure and the elec 
trode means, 

measuring a ?rst level “a” of the electrode current 
and a ?rst voltage of the single reference cell at the 
first level “a” of electrode current, 

varying the level of electrode current by modulation 
which abruptly changes the electrode current from 
the ?rst level “a” to a second level “b”, 

measuring the second level “b” of electrode current 
and measuring the voltage of the single reference 
cell at the second level "b” of electrode current, 
and 

combining at least the two measured reference cell 
voltages and the two measured levels of electrode 
current to determine polarization potential. 

22. The method of claim 21 further comprising the 
step of continuously passing the unidirectional elec 
trode current between the structure and the electrode 
means during the measuring steps. 

23. The method of claim 21 further comprising the 
step of ?ltering the unidirectional electrode current to 
reduce electrical interference. 

24. The method of claim 21 wherein said determining 
step comprises determining an IR drop between the 
reference cell and the structure according to the for 
mula: 
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where VCIRA represents the IR drop value between the 
reference cell and the structure at steady state electrode 
current level 14; Vcb and VM represent the voltages at 
the reference cell at levels “b” and “a” respectively of 
electrode current, respectively; and I1, and Ia represent 
levels “b” and “a”, respectively of electrode current. 

25. The method of claim 24 wherein one of L, and I1, 
equals 14. 

26. In a system for protecting a metallic structure in 
contact with a‘ corroding electrolyte including elec 
trode means immersed in the electrolyte and current 
means coupled with the electrode means and the struc 
ture for passing a unidirectional current between the 
structure and the electrode means, a control system for 
controlling the polarization potential of the metal struc 
ture comprising: 
a single reference cell positioned in the electrolyte 
between the electrode means and a wall of the 
structure and spaced from the structure and the 
electrode means; 

a measuring circuit including voltage measuring 
means coupled with the cell and the structure for 
measuring voltage between the single reference 
cell and the structure and current measuring means 
for measuring level of electrode current; 

controller means communicating between said mea 
surement circuit and said current means for vary 
ing electrode current by modulation which 
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12 
abruptly changes the electrode current level be 
tween a ?rst level “a” and a second level “b”; 

the measuring circuit measuring the electrode current 
at both the ?rst and second levels and the reference 
cell voltage at both the ?rst and second levels of 
electrode current; and 

the controller means combining the measured ?rst 
and second electrode current levels and measured 
cell voltages at the ?rst and second electrode cur 
rent levels to generate the polarization potential. 

27. The system of claim 26 wherein the unidirectional 
current is passed continuously between the structure 
and the electrode means. 

28. The system of claim 26 wherein said current 
means further comprises ?ltering means for ?ltering the 
unidirectional electrode current to reduce electrical 
interference. 

29. The system of claim 26 wherein said controller 
means combines the measured ?rst and second elec 
trode current levels and measured cells voltages to 
determine an IR drop value between the reference cell 
and the structure according to the relation 

VcIRA =1A (Vcb — Vrayub —Ia) 

Where vcIRA represents the IR drop at steady state electrode current 
level 1,4; Vcb and V“ represent the voltages at the single 
reference cell at levels “b” and “a” respectively of elec 
trode current; and I1, and Ia represent levels “b” and “a”, 
respectively of electrode current. 

30. The system of claim 29 wherein one of Ia and 1;, 
equals 14. 

* t * II t 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 
PATENT N0. : 4,755,267 

DATED 1 July 5, 1988 

INVENTUMS) 1 David N. Saunders 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected asshown below: 

In the drawings, Sheet 1, Fig. 2, the reference numerals 
40 and 46 should be reversed and the lead line from reference 
numeral 48 should be extended to the presently unnumbered 
wire extending between newly numbered terminal 46 and the 
structure 10. 

Signed and Sealed this 

Seventh Day of February, 1989 

Attest: 

DONALD J. QUIGG 

Commissioner of Patents and Trademarks Arresting O?icer 


